CP asymmetries in penguin-induced B decays in general left-right models by Nam, Soo-hyeon
ar
X
iv
:h
ep
-p
h/
03
08
16
1v
1 
 1
5 
A
ug
 2
00
3
UMN-TH-2211/03
FTPI-MINN-03/22
August 2003
CP asymmetries in penguin-induced B decays in
general left-right models
Soo-hyeon Nam
William I. Fine Theoretical Physics Institute, University of Minnesota,
Minneapolis, MN 55455, USA
Abstract
We study CP asymmetries in penguin-induced b → ss¯s decays in general left-right models
without imposing manifest or pseudomanifest left-right symmetry. Using the effective Hamil-
tonian approach, we evaluate CP asymmetries in B± → φK(∗)± decays as well as mixing
induced B meson decays B → J/ψKs and B → φKs decays. Based on recent measurements
revealing large CP violation, we show that nonmanifest type model is more favored than
manifest or pseudomanifest type.
1 Introduction
One of the major goals of present experiments in B physics is the study of CP violation
which may reside in the quark flavor mixing described by the Cabibbo-Kobayashi-Maskawa
(CKM) matrix in the Standard SU(2)L × U(1) Model (SM). Since there is one complex
phase in CKM matrix, the sizes and patterns of CP violation in various decay modes
in the SM are in principle expressed through this single parameter [1]. But the present
experimental results with large CP violation effects in the B meson system are not simply
explained with this single parameter under the minimal SM framework [2]. For instance,
the CP asymmetries in mixing induced B meson decays is characterized by a CP angle β
which is a phase of the CKM matrix element Vtd, and the observed world average value of
sin 2β in B → J/ψKS (b→ cc¯s) decays is given by
sin 2βJ/ψKS = 0.734± 0.054. (1)
Besides, this CP angle β is recently measured by BABAR andBelle in B → φKS (b→ ss¯s)
decays [3], and their average value is
sin 2βφKS = −0.39 ± 0.41. (2)
In the SM, however, the CP asymmetry in B → φKS decays is expected to be very close to
that in B → J/ψKS decays [4]. Admitting that the statistical error of those experimental
data is still large to confirm the data and justify any theory, a 2.7σ deviation between
sin 2βJ/ψKS and sin 2βφKS may give a clue of new physics (NP) effects in B decays. If so,
other inclusive b→ ss¯s dominated B decays such as B± → φK(∗)± decays might receive the
same contribution from the NP.
In a recent paper [5], we have investigated the mixing induced CP asymmetry in B →
J/ψKS decays in the general left-right model (LRM) with group SU(2)L × SU(2)R × U(1)
since it is one of the simplest extensions of the SM gauge group as a complement of the
purely left-handed nature of the SM [6]. Due to the extended group SU(2)R in the LRM
there are new neutral and charged gauge bosons, ZR and WR as well as a right-handed
gauge coupling, gR. After spontaneous symmetry breaking, the gauge eigenstates WR mix
with WL to form the mass eigenstates W and W
′ with masses MW and MW ′ , respectively.
The WL −WR mixing angle ξ and the ratio ζ of M2W to M2W ′ are restricted by a number of
low-energy phenomenological constraints along with the right-handed mass mixing matrix
elements. From the limits on deviations of muon decay parameters from the V-A prediction,
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the lower bound on MW ′ can be obtained as follows [7]:
ζg < 0.033 or MW ′ > (gR/gL)× 440 GeV, (3)
where ζg ≡ g2RM2W/g2LM2W ′ . Previously, stronger limits of the massMW ′ as well as the mixing
angle ξ were presented by many authors experimentally [8] and theoretically [9] assuming
manifest (V R = V L) or pseudomanifest (V R = V L∗K) left-right symmetry (gL = gR), where
V L and V R are the left- and right-handed quark mixing matrices, respectively, and K is
a diagonal phase matrix [10]. But, in general, the form of V R is not necessarily restricted
to manifest or pseudomanifest symmetric types, so the WR mass limit can be lowered to
approximately 300 GeV by taking the following forms of V R [11]:
V RI =


eiω ∼ 0 ∼ 0
∼ 0 cReiα1 sReiα2
∼ 0 −sReiα3 cReiα4

 , V RII =


∼ 0 eiω ∼ 0
cRe
iα1 ∼ 0 sReiα2
−sReiα3 ∼ 0 cReiα4

 , (4)
where cR (sR) ≡ cos θR (sin θR) (0◦ ≤ θR ≤ 90◦). Here the matrix elements indicated as
∼ 0 may be . 10−2 and unitarity requires α1 + α4 = α2 + α3. From the b→ c semileptonic
decays of the B mesons, we can get an approximate bound ξg sin θR . 0.013 by assuming
|V Lcb | ≈ 0.04 [12] , where ξg ≡ (gR/gL)ξ.1 This new parameter ξg is in general smaller than
the charged gauge boson mass ratio ζg in the general LRM [5, 9]. In a similar way to the
charged gauge bosons, the neutral gauge bosons mix each other [13]. But we do not present
them here because ZR contribution to penguin-induced B decays is negligible. Also, due to
gauge invariance, tree-level flavor-changing neutral Higgs bosons with masses MH enter into
our theory [14]. However, we also neglect their contributions by assuming MH ≫ MW ′.
The CP asymmetry in the penguin-induced B → φKS decays was also studied earlier
in the pseudomanifest left-right symmetry model in Ref. [15]. In this case, the right-
handed current contribution to BB¯ mixing is suppressed by ζ so that the NP effect only
arises in the magnetic penguin since the suppression by ξ is offset by a large factor mt/mb
arising in the virtual top quark loop [16]. However, in the nonmanifest LRM, ζ terms
in BB¯ mixing and absorptive part of the decay amplitudes become important due to the
possible enhancement of V R elements so that the right-handed current contribution to the
corresponding CP asymmetry is more enhanced. In this paper, as a continuation of our
previous work, we will explicitly evaluate the possible right-handed current contribution to
1In Ref. [5], ξg is defined as (gL/gR)ξ unlike this paper so that the mistakenly written bound ξg sin θR .
0.013 should read (gR/gL)ξ sin θR . 0.013.
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CP asymmetry in B± → φK(∗)± decays as well as in B → φKS decays in the general LRM
related to recent measurements, and show that CP asymmetries in those decays can be large
enough to probe the existence of the right-handed current using the effective Hamiltonian
approach. After reviewing the structure of the effective Hamiltonian in the general LRM in
Sec. 2 , we will discuss CP asymmetries in the several b→ ss¯s dominated B decays in Sec.
3 in detail.
2 Effective Hamiltonian
The low-energy effects of the full theory can be described by the effective Hamiltonian ap-
proach in order to include QCD effects systematically. The low-energy effective Hamiltonian
calculated within the framework of the operator product expansion (OPE) has a finite num-
ber of operators in a given order, which is dependent upon the structure of the model. In the
LRM, the low energy effective Hamiltonian at the energy scale µ for ∆B = 1 and ∆S = 1
transition has the following form:
Heff = GF√
2
[ ∑
i=1,2
q=u,c
λLLq C
q
iO
q
i − λLLt (
12∑
i=3
CiOi + C
γ
7O
γ
7 + C
G
8 O
G
8 )
]
+ (CiOi → C ′iO′i), (5)
where λABq ≡ V A∗qs V Bqb , O1,2 are the standard current-current operators, O3 − O10 are the
standard penguin operators, and Oγ7 and O
G
8 are the standard photonic and gluonic magnetic
operators, respectively, which can be found in Ref. [17]. Since we have additional SU(2)R
group in the LRM, the operator basis is doubled by O′i which are the chiral conjugates of
Oi. Also new operators O11,12 and O
′
11,12 arise with mixed chiral structure of O1,2 and O
′
1,2
[16].
In order to calculate the Wilson coefficients Ci(µ), we first calculate them at µ = MW
scale. After performing a straightforward matching computation, we find the Wilson coeffi-
cients at W scale neglecting the u-quark mass:
Cq2(MW ) = 1, C
q′
2 (MW ) = ζgλ
RR
q /λ
LL
q ,
Cγ7 (MW ) = F (x
2
t ) + A
tbF˜ (x2t ),
Cγ′7 (MW ) = A
ts∗F˜ (x2t ), (6)
CG8 (MW ) = G(x
2
t ) + A
tbG˜(x2t ),
CG′8 (MW ) = A
ts∗G˜(x2t ),
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where
xq =
mq
MW
(q = u, c, t), AtD = ξg
mt
mb
V RtD
V LtD
eiα◦ (D = b, s), (7)
and α◦ is a CP phase residing in the vacuum expectation values, which can be absorbed
in αi in Eq. (4) by redefining αi + α◦ → αi. All other coefficients vanish. In Eq. (6),
the explicit forms of the functions F (xt), F˜ (xt), G(xt), and G˜(xt) are given in Ref. [16],
and the terms proportional to ξg and ζg in the magnetic coefficients are neglected except
the contribution coming from the virtual t-quark which gives mt/mb enhancement. Also the
term proportional to ζg in the tree-level coefficient C
′
2 is not neglected because ζg ≥ ξg and
there is possible enhancement by the ratio of CKM angles (λRRq /λ
LL
q ) in the nonmanifest
LRM.
The coefficients Ci(µ) at the scale µ = mb can be obtained by evolving the coefficients
Ci(MW ) with the 28 × 28 anomalous dimension matrix applying the usual renormalization
group procedure. Since the strong interaction preserves chirality, the 28 × 28 anomalous
dimensional matrix decomposes into two identical 14×14 blocks. The SM 12×12 submatrix
describing the mixing among O1−O10, Oγ7 , and OG8 can be found in Ref. [18], and the explicit
form of the remaining 4× 4 matrix describing the mixing among O11,12, Oγ7 , and OG8 , which
partially overlaps with the SM 12×12 submatrix, can be found in Ref. [16]. The low energy
Wilson coefficients at the scale µ = mb in the LL approximation are then given by
Ci(mb) =
∑
j,k
(S−1)ij(η
3λj/23)SjkCk(MW ), (8)
where the λj’s in the exponent of η = αs(MW )/αs(mb) are the eigenvalues of the anomalous
dimension matrix over g2/16pi2 and the matrix S contains the corresponding eigenvectors.
The result for the photonic and gluonic magnetic coefficients are calculated in Ref. [16] and
in Ref. [15], respectively, and the rest of them related to our analysis can be found in Ref.
[17].2 Therefore we do not repeat them here, and lead the reader to the original papers. For
5 flavors, we have the following numerical values of Ci(mb) in LL precision using ΛMS=225
MeV, mb=4.4 GeV, and mt=170 GeV:
3
Cq1 = −0.308, Cq′1 = Cq1ζgλRRq /λLLq ,
Cq2 = 1.144, C
q′
2 = C
q
2ζgλ
RR
q /λ
LL
q ,
2Although QCD correction factors in C′1,2 are different from those in C1,2 in general [19], we use an
approximation αs(MW ′) ≃ αs(MW ) for simplicity, which will not change our result.
3The numbers we obtained for C
γ(′)
7 and C
G(′)
8 are slightly different from those in Ref. [15] because they
used mt/mb=60.
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C3 = 0.014, C4 = −0.030, C5 = 0.009, C6 = −0.038,
C7 = 0.045α, C8 = 0.048α, C9 = −1.280α, C10 = 0.328α, (9)
Cγ7 = −0.317− 0.546Atb, Cγ′7 = −0.546Ats∗,
CG8 = −0.150− 0.241Atb, CG′8 = −0.241Ats∗.
Note that C ′3 − C ′10 are negligible comparing to Cγ′7 and CG′8 whereas C ′1,2 are not. We will
show that C ′1,2 are important to the absorptive parts in penguin-dominated B decays in the
next section.
b s
q q
G γ
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q q/ /
1,2
q(/)
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q /
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G γ
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Figure 1: Diagrams for penguin-induced b→ sq¯′q′ decays.
3 CP violating asymmetries
3.1 Charged B meson decays
For charged B meson decays, the non-zero CP violating asymmetry defined as
ACP =
Γ(B+ → f+)− Γ(B− → f−)
Γ(B+ → f+) + Γ(B− → f−) (10)
originates from the superposition of CP -odd(violating) phases introduced by CKM matrix
elements and CP -even(conserving) phases arising from the absorptive part of the amplitudes.
Since we have obtained the relevant effective Hamiltonian in Sec. 2, it is quite straightforward
to calculate the partial decay rates and CP asymmetries in b → ss¯s decays. These decays
are governed by three different types of penguin diagrams shown in Fig. 1. The absorptive
part of the amplitudes arises at O(αs) from the one-loop penguin diagrams with insertions
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of the operators O
(′)
1,2 shown in Fig. 1(a). The detailed calculation of the one-loop penguin
matrix element of the operators O1,2 in the SM is in Ref. [20] so that we can be very brief.
The renormalized matrix elements of the operators O
(′)
1,2 in the LL approximation are given
by
< O
q(′)
1 >
peng =
α
3pi
I(mq, k,mb) < P (′)γ >,
< O
q(′)
2 >
peng =
αs(mb)
8pi
I(mq, k,mb)
(
< P
(′)
G > +
8
9
α
αs(mb)
< P (′)γ >
)
, (11)
where
P
(′)
G = O
(′)
4 +O
(′)
6 −
1
Nc
(O
(′)
3 +O
(′)
5 ),
P (′)γ = O
(′)
7 +O
(′)
9 (Nc = 3), (12)
and
I(m, k, µ) = 4
∫ 1
0
dxx(1 − x) ln
[m2 − k2x(1− x)
µ2
]
, (13)
and where k is the momentum transferred by the gluon to the (s, s¯) pair. As one can see from
Eq. 13, different CP -even phases arise from the imaginary parts of the functions I(mu, k, µ)
and I(mc, k, µ). On the other hand, the penguin operators O3 − O10 contribute to only the
dispersive parts of the amplitudes and give tree-level penguin transition amplitudes shown
in Fig. 1(b). Also, as shown in Fig. 1(c), we should include the tree-level diagram associated
with the magnetic operators O
γ(′)
7 and O
G(′)
8 to the dispersive part of the amplitude. Using
the factorization approximation [21], we use the following parametrization:
< O
γ(′)
7 >
peng = − α
3pi
m2b
k2
< P (′)γ >,
< O
G(′)
8 >
peng = −αs
4pi
m2b
k2
< P
(′)
G > . (14)
Here k2 is expected to be typically in the range m2b/4 ≤ k2 ≤ m2b/2 [22]. We will use
k2 = m2b/2 for our numerical analysis.
Now we are ready to consider B± → φK± decays explicitly. Since the axial-vector parts of
the operators do not contribute to the transition amplitudes in these decays we can simply use
< Oi >=< O
′
i > with the help of the vacuum-insertion method [23]. Combining all operators,
we obtain the following transition amplitude using the unitarity relation
∑
q=u,c,t λq = 0:
A(B− → φK−) = GF√
2
∑
q=u,c
λLLq
[
αs(mb)
9pi
{
Cq2(mb)
6
−7
6
α
αs(mb)
(3Cq1(mb) + C
q
2(mb))
}
I(mq, k,mb)
−αs(mb)
9pi
{
4CG8 (mb)− 7
α
αs(mb)
Cγ7 (mb)
}
(15)
+
4
3
(C3(mb) + C4(mb)) + C5(mb) +
1
3
C6(mb)
−1
2
C7(mb)− 1
6
C8(mb)− 2
3
(C9(mb) + C10(mb))
]
×X(B−K−,φ) + (Ci → C ′i),
where X(B
−K−,φ) ≡< φ|s¯γµs|0 >< K−|s¯γµb|B− >. The amplitude A(B+ → φK+) is simply
obtained from A(B− → φK−) by replacing λLLq → λLL∗q and C(′)i → C(′)∗i . In the SM,
non-zero CP asymmetry arises from the superposition of the CP -odd phase γ in V Lub and the
different CP -even phases arising from the function I(mq, k,mb) due to the mass difference
between c- and u-quark. The resulting CP asymmetry is known to be very small ∼ O(10−2)
[20, 24] because the magnitude of the absorptive part is much smaller than that of the
dispersive part. Using the numbers in Eq. 9, mc=1.3 GeV, and Arg[V
L
ub] = −59◦, we can
estimate the SM value of CP asymmetry:
ASMCP (B
± → φK±) ≃ 7.3× 10−3. (16)
If the model has manifest left-right symmetry, theWR mass has a stringent boundMWR ≥1.6
TeV [25], and its contribution to the decay amplitude is very small so that CP asymmetry
in the manifest LRM should be very small as well. Since this value is small and our
purpose is to estimate the possible large right-handed current contribution, we take a limit
I(mc, k, µ) = I(mu, k, µ) in order to get around the uncertainty of V Lub obtained under the
SM framework and clearly see the right-handed current contribution. Then we can express
A(B− → φK−) in terms of new parameters ζg, ξg, and θR for two types of V R in Eq. (4)
in the LRM using the unitarity relation
∑
q=u,c,t λq = 0 and the numbers in Eq. 9 again as
follows:
A(B− → φK−)I ≃ −GF√
2
{
− 2.87eiϕ1 + 23.1eiϕ2ζgcRsRei(α4−α3)
+10.1ξg(cRe
iα4 − 25sReiα3)
}
× 10−3X(B−K−,φ), (17)
A(B− → φK−)II ≃ −GF√
2
{
− 2.87eiϕ1 + 10.1ξgcReiα4
}
× 10−3X(B−K−,φ),
where (ϕ1, ϕ2)=(−14.9◦,−53.1◦) are CP -even phases. As stated earlier, one can clearly
see here that the ζg term coming from the coefficients C
′
1,2 is not negligible in case of V
R
I .
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Likewise, the transition amplitude in B− → φK∗− decays can be easily obtained by using
< Oi >= − < O′i > because K∗− is a vector particle:
A(B− → φK∗−)I ≃ −GF√
2
{
2.87eiϕ1 + 23.1eiϕ2ζgcRsRe
i(α4−α3)
+10.1ξg(−cReiα4 − 25sReiα3)
}
× 10−3X(B−K∗−,φ), (18)
A(B− → φK∗−)II ≃ −GF√
2
{
2.87eiϕ1 − 10.1ξgcReiα4
}
× 10−3X(B−K∗−,φ),
where X(B
−K∗−,φ) ≡< φ|s¯γµs|0 >< K∗−|s¯γµγ5b|B− >. Although the CP asymmetry in
B− → φK− decays should be the same as that in B− → φK∗− decays in the SM, they can
be different in LRM so that the measured difference of CP asymmetries between them may
give the size of the NP effects.
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Figure 2: Behavior of ACP as α3,4 are varied in the case of V
R
I .
The current data on the CP asymmetries in B− → φK− and B− → φK∗− decays are
[26]:
AexptCP (B
± → φK±) = 0.05± 0.20± 0.03,
AexptCP (B
± → φK∗±) = 0.43 + 0.36
− 0.30 ± 0.06. (19)
The SM value in Eq. (16) lies in the range of AexptCP (B
± → φK±), but a little off the range
of AexptCP (B
± → φK∗±). In order to explicitly compare these values with the theoretical
estimates in the LRM, we first plot ACP (B
± → φK±) and ACP (B± → φK∗±) in the
8
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Figure 3: Behavior of ACP (B
± → φK(∗)±) as θR and α4 are varied in the case of V RII .
case of V RI in Fig. 2 for the typical values ζg=0.01, ξg=0.008, and θR = 70
◦ as α3,4 are
varied. In the figure, CP asymmetry is drastically changing by varying α3, and this behavior
holds for other values of ζg, ξg, and θR. For the given inputs, ACP (B
± → φK±) and
ACP (B
± → φK∗±) can be different by about 0.5. In the case of V RII , one can see from Eqs.
(18), (19) that ACP (B
± → φK±) = ACP (B± → φK∗±) because it has no dependance of ζg
and α3 unlike the previous case. In Fig. 3, we fix ξg=0.01, and evaluate CP asymmetry by
varying θR and α4. It shows that CP asymmetry is very small with a small parameter ξg.
Therefore, if we observe large CP asymmetry or any difference between ACP (B
± → φK±)
and ACP (B
± → φK∗±), the second type of mass mixing matrix V RII is disfavored.
3.2 Neutral B meson decays
In the case of the neutral B meson decays into CP self-conjugate final states f , mixing
induced CP asymmetry can be expressed by the parametrization invariant quantity λ defined
by [1]
λ ≡ ηf
(
q
p
)
B
A(B¯0 → f¯)
A(B0 → f) ,
(
q
p
)
B
≃ M
∗
12
|M12| , (20)
where ηf=1(-1) for a CP -even(odd) final state f and M12 is the dispersive part of the BB¯
mixing matrix element. The CP angle β mentioned earlier is simply the imaginary part of
λ in B → J/ψKS decays in the SM:
sin 2β = Imλ(B → J/ψKS) ≃ Imλ(B → φKS). (21)
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In the general LRM, M12 can be written as
M12 =M
SM
12 +M
LR
12 =M
SM
12
{
1 + rLR
}
, (22)
where
rLR ≡ M
LR
12
MSM12
=
< B¯0|HLReff |B0 >
< B¯0|HSMeff |B0 >
, (23)
with the effective Hamiltonian HBB¯eff = H
SM
eff +H
LR
eff in the BB¯ system. Considering the two
types of the quark mixing matrices in Eq. (4), the effective Hamiltonians in the BB¯ system
are given by
HSMeff =
G2FM
2
W
4pi2
(λLLt )
2S(x2t )(d¯LγµbL)
2, (24)
HLReff =
G2FM
2
W
2pi2
[
{λLRc λRLt xcxtζgA1(x2t , ζ) + λLRt λRLt x2t ζgA2(x2t , ζ)}(d¯LbR)(d¯RbL)
+λLLt λ
RL
t xbξg{x3tA3(x2t )(d¯LγµbL)(d¯RγµbR) + xtA4(x2t )(d¯LbR)(d¯RbL)}
]
, (25)
where S(x) is the usual Inami-Lim function and Ai can be found in Ref. [5]. If we consider
QCD effect in BB¯ mixing, the correction factors should be included in the functions S
and Ai. However, there are many uncertainties such as hadronic matrix elements and new
parameters in the LRM to prevent us from the precision analysis at this stage, and theQCD
corrections to BB¯ mixing are not big enough to change our numerical estimate. Therefore
we will ignore the QCD corrections to BB¯ mixing for simplicity. In the case of V RI , there
is no significant contribution of HLReff to BB¯ mixing, so that M12 = M
SM
12 because λ
RL
t ≃ 0.
In the case of V RII , using mc=1.3 GeV, mb=4.4 GeV, mt=170 GeV, and |V Lcd| ≈ 0.224, and
adopting the parametrization of the hadronic matrix elements of the operators given in Ref.
[5], one can express rLR in terms of the mixing angle and phases in Eq. (4) as
rLR ≈ l
{
17.3l
(1− ζg − (4.92− 19.7ζg) ln(1/ζg)
1− 5.47ζg
)
ζgs
2
Re
iδ1
− 796
(1− 5.02ζg − (0.498− 1.99ζg) ln(1/ζg)
1− 9.94ζg + 28.9ζ2g
)
ζgsRcRe
iδ2 − 8.93ξgsReiδ3
}
, (26)
where l = 0.008/|V Ltd |, δ1 = −2β + α2 − α3, δ2 = −β − α3 + α4, δ3 = −β − α3. Since
B → J/ψKS decay is governed by the tree-level amplitude, the transition amplitude is given
by
A(B → J/ψKs)I ≃ GF√
2
λLLc
{
1 + 25(cRsRζge
−i(α2−α1) − 2sRξge−iα2)
}
X(BKs,J/ψ),
10
A(B → J/ψKs)II ≃ GF√
2
λLLc
{
1− 50sRξge−iα2
}
X(BKs,J/ψ), (27)
where X(BKs,J/ψ) ≡< J/ψ|c¯γµc|0 >< Ks|s¯γµb|B◦ >, and we ignored the KK¯ mixing. The
transition amplitude in B → φKS decays can be simply obtained from Eq. (18) by replacing
the hadronic matrix element X(B
−K−,φ) → X(BKs,φ).
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Figure 4: Behavior of the CP asymmetry difference ∆CP between B → J/ψKS and B →
φKS decays in the case of V
R
I .
For illustration of the possible effect of the new interaction on the mixing induced CP
asymmetry, we assume that β = 20◦ and l = 1, and show that the region of parameters αi
where Imλ(B → J/ψKS) ≃ 0.73 and Imλ(B → φKS) ≃ −0.39 since |λ| ≈ 1. To do so,
we need to find an appropriate set of parameters ζg, ξg, and θR yielding a large difference
∆CP ≡ Imλ(B → J/ψKS) − Imλ(B → φKS). First, we evaluate ∆CP in the case of V RI
for ζg = ξg = 0.01, α1,2 = 0 by varying θR and α3 in Fig. 4(a). In the figure, ∆CP
becomes maximal near α3 ∼ −120◦ and increases as θR increases, and this behavior holds
for other values of fixed parameters. Since we assumed that ∆CP is larger than 1, we fix
α3 = −120◦, and evaluate ∆CP in Fig. 4(b) for α1,2 = 0 and ξg = ζg by varying θR and
ζg. One can see from the figure that ∆CP approaches 1 for ζg & 0.01 and θR & 10
◦, and its
variation is small. After repeating this analysis, we get a probable set of parameter values
ζg = 0.01, ξg = 0.008, θR = 70
◦, and α3 = −120◦. Using these values, we plot the contours
corresponding to Imλ(B → J/ψKS) = 0.73 and Imλ(B → φKS) = −0.39 in the parameter
space of α1,2 in Fig. 5. Therefore, as a result from the obtained figures, the manifest or
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Figure 5: Contour plot corresponding to Imλ(B → J/ψKS) = 0.73 (solid line) and Imλ(B →
φKS) = −0.39 (dashed line) for sin2β = 0.64 in the case of V RI .
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Figure 6: Behavior of the CP asymmetry difference ∆CP between B → J/ψKS and B →
φKS decays in the case of V
R
II .
pseudomanifest LRM is disfavored under the given assumption. In a similar way to the case
of V RI , the results of the analysis of the mixing induced CP asymmetries in the case of V
R
II
are represented in Fig. 6 and Fig. 7.
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Figure 7: Contour plot corresponding to Imλ(B → J/ψKS) = 0.73 (solid line) and Imλ(B →
φKS) = −0.39 (dashed line) for sin2β = 0.64 in the case of V RII .
4 Conclusions
In this paper, we studied CP asymmetries in penguin-induced b→ ss¯s decays in the general
LRM. Without imposing manifest or pseudomanifest left-right symmetry, one has two types
of mass mixing matrix V R with which the right-handed current contributions to BB¯ mixing
and CP asymmetry can be sizable even in the decays such as B± → φK(∗)± decays where the
SM contribution to CP asymmetry is very small. Using the effective Hamiltonian approach,
we evaluate the sizes of the NP contributions to CP asymmetries in B± → φK(∗)± decays,
and show that V RI is more probable than V
R
II if CP asymmetries in those decays are large or
different from each other. Similar argument can be made in mixing induced B decays such
as B → J/ψKs and B → φKs decays. Although SM predicts that the CP asymmetry in
B → J/ψKs decays should be very close to that in B → φKs decays, the present experiments
show a large discrepancy between them. Based on these preliminary experimental results,
we find that the manifest or pseudomanifest LRM is disfavored, and the bounds of the
new parameters are restricted as shown in Figs. 4-7. Furthermore, this result may affect
the sizes of CP asymmetries in other decays. For instance, one can see from Fig. 2 and
Fig. 3 that the contributions of the obtained parameter sets from Fig. 5 and Fig. 7 under
the given assumption reduces the size of CP asymmetries in B± → φK∗± decays. In this
way, CP asymmetries in other mixing induced decays such as B → φK∗ can be estimated
systematically, and all of these analysis of possible NP contributions can be tested once the
13
experimental results are confirmed.
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